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fitness and health levels and therefore, its role in fall
prevention should not be underestimated. 
Conclusions: The results of this study reinforce the
importance of using a multifactorial approach, not only
focusing on cognitive-behavioral factors, but also on
promoting physical activity and healthy lifestyles, when
assessing fall risk or planning an intervention aiming at
fall prevention within the older population.
Keywords: Elderly; Fall; Risk Profiles; Multifactorial
Approach.
INtrODUctION
Falls are a major health concern faced by the elderly
population in the industrialized countries. The rate of
community living older adults who fall at least once
each year varies between 30% and 40%, depending on
the study1–3. It is also reported that this rate increases
with ageing, reaching approximately 50% in old peo-
ple over 80 years1. Furthermore, the higher incidence
of chronic diseases, like osteoporosis and reduced bone
density, characteristic of the elderly population, in-
creases the likelihood of an injury, making even a rela-
tively mild fall particularly dangerous4. It is stated that
20% to 30% of those who fall suffer injuries that redu-
ce mobility and independence as well as increase the
risk of premature death1. Moreover, even a non-inju-
rious fall may have important consequences like func-
tional fitness decline, social withdrawal, anxiety and
depression, fear of falling, and an increased use of me-
dical services1,5–7. Therefore, older adults who have fal-
len, regardless of whether they have experienced an in-
jurious fall, are at greater risk of becoming institutio-
nalized8.
Because of the mentioned consequences to the el-
ders and their families’ quality of life, as well as the ge-
AbstrAct 
Aim: The aim of this study was to use a multifactorial
approach to characterize episodic and recurrent fallers
risk profiles in Portuguese older adults. 
Materials and Methods: To accomplish the mentio-
ned purpose, 1416 Portuguese older adults above 65
years were tested with three different field measure-
ments: 1) health and falls questionnaire; 2) Physical Ac-
tivity questionnaire and 3) a set of functional fitness
tests. The subjects were divided in three different
groups according to fall prevalence: non-fallers, sub-
jects who did not report any falls during the previous
year, episodic fallers, those who reported to have fallen
only once during the previous year, and recurrent fal-
lers, the ones that fell twice or more times during the
previous year. Episodic and Recurrent fallers risk pro-
files were established using multifactorial logistic re-
gression models in order to avoid confounding effects
between the variables. 
Results: The results showed that age was not a risk fac-
tor for either episodic or recurrent falling. In addition,
health parameters were shown to be the factors which
made the distinction between recurrent and episodic
fallers. This may imply that recurrent falls are more 
associated with comorbidities and less likely to occur
due to external factors. Furthermore, being a woman,
having fear of falling and lower functional fitness levels
were determinant factors for both episodic and recur-
rent falls. It is also important to note that, although to-
tal physical activity was only related with episodic fal-
ling, promoting physical activity and exercise may be
the easiest and cheapest way to improve functional 
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nerated increase in health costs, the implementation of
fall preventive strategies is a primary public health con-
cern. These preventive strategies will be more efficient
if the risk prediction models are developed separately
for homogeneous subpopulations9. In fact, it has been
reported that in what concerns fall prevention there is
no one-size-fits-all intervention10. Instead, it is recom-
mended that the characteristics of the intervention
should be decided by the clinicians and practitioners
according with the fall risk level of their patients10. As
so, and because the risk profile of an episodic faller
may be different from the one of a recurrent faller11,
the success of the intervention will depend on our abi-
lity to identify and distinguish older people who are at
risk of episodic and recurrent falling from those with
no fall risk.
Being a multifactorial problem, several risk factors
have been reported and related to falls1–5,9,11–16. Among
others, the most referenced are: age, gender, specific
chronic diseases, impaired mobility, balance and gait,
muscle weakness, sedentary behaviour, cognitive im-
pairment, fear of falling, visual impairment, medica-
tion intake, health perception and history of falling. In
a preliminary study17, we have verified, in a cohort of
647 Portuguese older subjects from Lisbon and Tagus
Valley region, that falls might not be an inevitable con-
sequence of ageing and that health, functional fitness
and physical activity parameters were the most deter-
minant factors for both episodic and recurrent falls.
However, in the mentioned study, we have analyzed
the contribution of each risk factor independently, 
without identifying possible confounding effects bet-
ween them.
Since data on the Portuguese older population re-
lative to this matter is scarce, it seems urgent to cha-
racterize both episodic and recurrent fallers risk pro-
files in this population. Thus, the purpose of this stu-
dy was to use a multifactorial approach to determine
and characterize both episodic and recurrent fallers
risk profiles in Portuguese older adults.
MAterIALs AND MetHODs
sAMPLe
Participants were community-dwelling older adults
from the Biomechanics of Locomotion in the Elderly
Project (PTDC/DES/72946/2006) that were recruited
from 18 Portuguese municipalities, from Lisbon & Ta-
gus Valley area and centre national regions (Lisbon,
Cascais, Oeiras, Amadora, Odivelas, Sintra, Mafra, Lou-
res, Almada, Setúbal, Nazaré, Rio Maior, Santarém,
Cartaxo, Azambuja, Samora Correia, Torres Vedras, Be-
navente), and different contexts, including exercise
classes, day care centres, senior schools and health pro-
motion public community events. Sample recruitment
was done using a multistage approach as described el-
sewhere17. A total of 1416 older adults, from a total of
1723, aged 65 years and older were enrolled in this stu-
dy, between May 2010 and September 2012. Exclusion
criteria were to have a neurologic condition (Demen-
tia, Parkinson or stroke), not being able to comprehend
Portuguese Language and not being able to walk inde-
pendently or with a walking aid. Previously to data col-
lection, all participants were informed about the study,
accepted to participate and signed the informed con-
sent. The Ethics Committee of Faculty of Human Ki-
netics, Technical University of Lisbon, approved the
study protocol.
MeAsUres AND PrOceDUres
In order to assess the risk factors for falling, three diffe-
rent field measurements were used: two questionnaires
(one regarding health and falls parameters (HFQ) and
other concerning physical activity (PA) levels) and a set
of functional fitness (FF) tests. A more detailed des-
cription of the study design and the validation of the
procedures has been published elsewhere17.
Briefly, the questionnaires were administered
through an interview, conducted by trained examiners.
The HFQ included questions regarding sociodemogra -
phic characteristics, health, vision and hearing percep -
tion status, medical history (medical visits, hospitali-
zations, surgeries), medication intake (total and num-
ber for each disease, with specification of the drug
name), fear of falling (FOF), activity avoidance due to
FOF, fall prevalence (in the previous year) and falls cha-
racteristics (location, circumstances and consequences
of, at most, 3 of the reported falls). A fall was defined
as “an unexpected event in which the participant comes
to rest on the ground, floor or lower level”18. PA levels
were assessed by Yale Physical Activity Survey (YPAS)
questionnaire19, which reports to a typical week of ac-
tivity during the month prior to evaluation. The ques-
tionnaire provides an index of intensity, duration and
frequency of five distinct physical activity dimensions:
1) vigorous activity (vigorous index) - activities lasting
more than 10 minutes which cause large increases in
breathing rate and heart rate, sweating or fatigue in the
legs; 2) walking (walking index) – walking for at least
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10 minutes without stopping or making a vigorous ef-
fort; 3) movement (movement index) – all activities
involving movement carried out while standing, in-
cluding walking, 4) standing (stand index) - activities
in the standing position without movement; and, 5)
sitting (sitting index) - activities performed in a seated
position. Each of the partial scores, corresponding to
each of the physical activity intensities, is multiplied by
the specific weighting factor in order to calculate the
partial indexes, and then summed to determine the
summary index of PA (Total PA).
Finally, FF assessment included a set of strength and
balance tests, as well as the measures of body height
and mass for body mass index (BMI) computation. Lo-
wer limb strength, power and coordination asses-
sment, was done through the 8 foot Up-and-Go (UG)
test (involves getting out of a chair, walking 2,44m to
and turn around a shaped elevated mark and retur-
ning to the chair in the shortest time possible) and the
Chair-Stand (CS) test (involves counting the number
of times within 30s that an individual can rise to a full
stand from a seated position, without pushing off with
the arms) from Senior Fitness Test (SFT) battery20. Ba-
lance was assessed through items 4 – step up and over
(FAB4) , 5 – tandem walk (FAB5), 6 – stand on one leg
(FAB6) and 7 – stand on foam eyes closed (FAB7), of
FAB Scale21. FF tests were selected based on their re-
ported ability to discriminate fallers and detect age
functional decline20,22,23, as well as their feasibility on
clinical and exercise field (in what concerns space, time
and equipment requirements). Examiners were trai-
ned to administer all tests, following the authors’ ins-
tructions20,21. At the end of the screening session, par-
ticipants received feedback, through a written report,
concerning their test results.
stAtIstIcAL ANALysIs
Subjects were divided in three different groups accor-
ding to fall prevalence: non-fallers (NF), subjects who
did not report any falls during the previous year; epi-
sodic fallers (EF), those who reported to have fallen
only once during the previous year, and recurrent fal-
lers (RF), the ones that fell twice or more times during
the previous year. Statistical analysis was done accor-
ding to these groups using PASW Statistics 18.0 with
the level of significance set at p<0.05.
The variables were divided in four groups: demo-
graphic parameters (gender, marital status, living alo-
ne, living own home and education level); health pa-
rameters (general, visual and hearing health percep-
tions, total medication intake, fear of falling (FOF), ac-
tivity avoidance due to FOF and surgeries in the pre-
vious year); PA parameters (vigorous, walking, move-
ment, standing and sitting indexes and total PA) and
FF parameters (BMI and 6 FF tests). The results from
FF tests were also recoded into two other different va-
riables: the balance score, obtained through the sum of
FAB4, FAB5, FAB6 and FAB7 test results, from the FAB
scale21, and total functional fitness score (TFFS), com-
puted by summing the balance score with the CS and
UG test results, from the SFT battery20. Considering
that the SFT battery tests results involve different mea-
sure units from those of the balance tests, in order to
obtain the TFFS, we transformed the first two test re-
sults (TUG and CS) in an ordinal scale similar to the
one used in the balance tests. This was done by calcu-
lating the quartiles of the results of the CS and the UG
tests, after adapting for gender, following the original
national norms established by the authors of the tests20.
Descriptive statistics was used to determine the cen-
tral tendency parameters for scale variables (mean,
standard deviation and median) and relative frequen-
cy of the nominal ones, allowing the sample characte-
rization.
The main outcome was the number of falls, which
was stratified in the following comparisons’ groups:
non-fallers vs. episodic fallers and non-fallers vs. re-
current fallers.
As risk factors must be easily and quickly measura-
ble, continuous or ordinal variables were dichotomi-
zed throughout their median value. Apart from UG
test, medication number and sitting time, in which a
“good level” was considered if subjects scored below
the median value, for the other variables, a “good le-
vel” was considered if subjects showed results equal
or greater than the median/cut-off value. Further, the-
re was a group of variables wherein specific cut-off va-
lues were applied. For general, visual and hearing
health perceptions, the cut off value was 4 (in a scale
from 1 – very bad – to 5 – excellent); FOF was classi-
fied as “no” if the participant answer “never”, or “yes”
if they answered “sometimes”, “often” or “always”; and
BMI was dichotomized using the proposed cut-off va-
lues to define overweight (BMI≥27Kg/m2) in the older
population24. The need for using different BMI cut off
values when studying the elderly, instead of the ones
established for adults, has been suggested in recent
studies24–26. It is reported that older individuals, espe-
cially the ones over 60 years, suffer a decrease in height
and lean mass, as well as an increase in fat mass, which
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marized on Table I, as well as the differences between
groups. With the exception of general health percep-
tion, no differences were found between EF and RF
and therefore, differences between these fall groups are
not shown.
Participants had a mean age of 73.0±5.6 years
(x
_
=72.0y) and 35% of them had over 75 years. No dif-
ferences between fall groups were found for age. Fur -
thermore, even when using a higher cut-off value
(≥75y and ≥80 y), instead of the median, the results re-
mained the same, with no differences found between
NF and both episodic (X2 75y=2.60, p=0.11; X2
80y=0.38, p=0.54) and recurrent fallers (X2 75y=3.01,
p=0.08; X2 80y=0.13, p=0.72). About 75% of the 
subjects in the total sample were women. In the NF
group 70% of the participants were women, which was
a si gnificantly lower percentage comparing with the
proportion of women found in EF and RF groups. Still
regarding the demographic parameters, when compa-
red with NF, a significantly higher percentage of EF
were single and lived alone.
Considering health parameters, NF reported the
highest percentage of good general, visual and hearing
health perceptions, and the lowest percentage of me-
dication intake, fear of falling and activity avoidance
due to FOF.
For the total amount of physical activity, NF were
found to be more active than both episodic and recur-
rent fallers. On the other hand, looking at the partial
scores, differences were only found between non-fal-
lers and recurrent fallers, having this last group a more
sedentary behaviour (RF walked and moved less and
spent more time in a seated position than NF). Fur ther,
no differences were found between both fall groups
and non-fallers for the time spent in vigorous activities,
nor the time spent standing.
Finally, almost all FF tests revealed statistical diffe-
rences between groups (NF vs EF and NF vs RF), sho-
wing a consistent decrease in functional fitness for both
episodic and recurrent fallers. Additionally, a higher
BMI was found for EF and RF, when compared with NF.
However, it is important to note that the average BMI
of the total sample was 28.5±4.5 Kg/m² (x
_
=28.1
Kg/m²), with 63% of the individuals scoring over 27
Kg/m2.
fALL rIsk PrOfILes
The results obtained from the bivariate logistic regres-
sion models, presented on Table II, are in accordance
with the previous mentioned results.
has an impact on BMI by approximately 1.5 kg/m2 in
men and 2.5 kg/m2 in women27. Furthermore, studies
focused on the identification of risk factors of morbi-
dity and mortality, regardless of the disease, also sug-
gest a higher BMI cut-off value (27kg/m2) for elderly
subjects25,26.
Differences between groups for the independent va-
riables were verified using the Chi-Square test. Varia-
bles that were significantly different between groups
were then included in the bivariate logistic regression
models (Enter method) so that determinants factors
for episodic and recurrent falling could be identified,
when compared with non-falling.
Afterwards, multivariate logistic regression models
(backward- conditional method) were built, using the
previously identified determinant factors for falling
and recurrent falling, in order to identify any possible
confounding effect between them. Interactions were
calculated based on conditional parameter estimates
of the final logistic regression models. The goodness-
of-fit of the models was assessed with the Homer-Le-
meshow test, which allows to verify if the differences
between the observed and predictive values are small,
as well as if there is no systematic contribution of the
differences to the error structure of the model28. Addi-
tionally, the concordance of predictive values with ac-
tual outcomes was verified through the determination
of the area under the Receiver-Operator Characteristic
curve (AUC-ROC). In this curve, sensitivity is plotted
against specificity, having the test a perfect discrimi-
nation if the AUC-ROC is 100%29.
resULts
sAMPLe AND fALL grOUPs’ cHArActerIzAtION
From a total of 1723 subjects, 1416 met all the inclu-
sion criteria (~82.2%), being therefore included in the
study analysis. This sample size represents 0,7% of the
Portuguese older subjects and is considered to be 
appropriate to study the problem of falls in Portugal
[n=1370, defined from an estimated effect size (ES)
equal to 0.5, power 80%, alpha of 0.05 and a preva-
lence of falls of 40%]30.
From the 1416 participants, 38% fell during the
previous year and within these, 61% fell once (EF) and
39% fell twice or more times (RF). Furthermore, wi -
thin the participants who fell, 43% suffered an injury
and 11% of these injuries were fractures.
The characterization of each sample group is sum-
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The risk of falling episodically doubles for women
and the risk of falling recurrently is even higher. Fur -
ther, living alone and being single are risk factors for
episodic falling, showing the importance of social con-
ditions for the determination of the episodic fallers risk
profile.
Health and FF parameters showed to be the most de-
terminant factors for episodic and especially recurrent falls.
When compared with NF, the risk of falling episodically
increased between approximately 30% and 60%, while
tAbLe I. sAMPLe cHArActerIzAtION: DeMOgrAPHIc, HeALtH, PA AND ff PArAMeters (AbsOLUte AND
vALID freqUeNcy) AND tHeIr AssOcIAtIONs AMONg grOUPs (NON-fALLers (Nf), ePIsODIc fALLers (ef)
AND recUrreNt fALLers (rf)
NF EF RF
n=889 n=325 n=202
n(%) n(%) n(%)
Demographic parameters
Age (≥72years) 463 (52.1) 187 (57.5) 116 (57.4)
Gender (Female) 623 (70.1) 266 (81.8)* 174 (86.1)*
Marital status (Single) 527 (59.3) 163 (50.2)* 111 (56.1)
Living alone 230 (25.9) 107 (33.7)* 58 (29.3)
Living own home 783 (88.1) 294 (90.5) 174 (88.8)
Education level (4th grade) 340 (59.6) 108 (56.8) 80 (63.0)
Health parameters
General health perception (poor) 532 (59.8) 223 (69.0)* 162 (80.2)*
Visual health perception (poor) 308 (34.9) 132 (41.1)* 119 (58.9)*
Hearing health perception (poor) 254 (40.1) 104 (43.5) 70 (50.7)*
Medication (n≥3/day) 511 (59.6) 210 (67.5)* 158 (79.4)*
FoF (yes) 553 (62.2) 229 (70.5)* 170 (84.2)*
Activity avoidance due to FoF (yes) 59 (18.2) 38 (25.9) 37 (33.0)*
Surgery (yes) 104 (11.8) 40 (12.4) 28 (13.9)
PA parameters
Vigorous (< 10 min/week) 538 (60.5) 214 (65.8) 133 (65.8)
Walking (<150 min/week) 366 (41.2) 148 (45.5) 108 (53.5)*
Movement (< 5h/day) 250 (28.2) 90 (27.7) 79 (39.1)*
Standing (< 5h/day) 407 (45.8) 161 (49.5) 97 (48.0)
Sitting (≥ 6h/day) 664 (74.7) 241 (74.2) 166 (82.2)*
Total PA(<40 scale points) 396 (44.5) 172 (54.1)* 110 (56.7)*
FF parameters
FAB4 (<4 scale points) 108 (12.1) 52 (16.0) 62 (30.7)*
FAB5 (<3 scale points) 278 (31.3) 124 (38.2)* 92 (45.5)*
FAB6 (<2 scale points) 211 (23.7) 106 (32.6)* 85 (42.1)*
FAB7 (<4 scale points) 496 (55.8) 155 (47.7) 115 (56.9)*
Balance score (<13 scale points) 360 (41.9) 168 (54.0)* 126 (66.3)*
CS (times/30s)¥ 340 (38.3) 198 (39.5) 99 (49.5)*
UG (sec)¥¥ 458 (51.5) 189 (58.2)* 127 (62.9)*
TFFS (<17 scale points) 375 (43.7) 168 (54.0)* 124 (66.0)*
BMI (≥27.0 kg/m2) 526 (59.2) 218 (67.1)* 139 (68.8)*
* p<0.05
¥ adjusted for gender: female: <15x/30s; male: <16x/30s
¥¥ adjusted for gender: female: ≥5,67s; male: ≥5,13s
FoF: fear of falling; PA: Physical activity; UG: 8 foot Up-and-Go test; CS: Chair-Stand test; FAB4: step up and over test; FAB5: tandem walk
test; FAB6: stand on one leg FAB7: stand on foam eyes closed; TFFS: Total functional fitness score; BMI: Body mass index
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risk of recurrent falling may be up to 3 times higher, for
those with poorer health and functional fitness.
Finally, being less active (i.e. having a lower total PA
score) may increase the risk of episodic and recurrent
falling by approximately 40% and 60%, respectively.
Moreover, to spend less time in moderate and light PA
(less then 5 hours in movement and standing activities)
and to spend more time in a seated position (more than
6 hours per day) are risk factors for RF.
Multivariate logistic regression models are shown
on Table III. To avoid collinearity, variables that were
contained in global scores (e.g. Balance score and TFFS
or sitting index and total PA) were not placed in the
models at the same time. The best models, i.e. the ones
with better discriminative power (measure by the
AUC-ROC) were selected to be presented.
According to these models, gender, FOF, total PA
and balance score are determinant factors for episodic
falls. Likewise, recurrent falls are also determined by
gender and FOF, and further by health parameters (ge-
neral and visual health perceptions and medication in-
take) and functional fitness level. All factors included
in the models presented higher odds ratios for RF than
for F.
tAbLe II. bIvArIAte LOgIstIc regressION MODeLs fOr ePIsODIc AND recUrreNt fALLers
Episodic Fallers Recurrent fallers
OR (95% CI)** OR (95% CI)**
Demographic parameters
Gender (Female) 1.93 (1.40-2.64)* 2.65 (1.74-4.06)*
Marital status (single) 1.51 (1.17-1.96)* 1.16 (0.85-1.80)
Living alone 1.41 (1.07-1.86)* 1.17 (0.84-1.65)
Health parameters
General health perception (poor) 1.50 (1.14-1.96)* 2.72 (1.88-3.94)*
Visual health perception (poor) 1.30 (1.03-1.69)* 2.68 (1.96-3.66)*
Hearing health perception (poor) 1.15 (0.85-1.56) 1.54 (1.06-2.23)*
Medication (≥3 med/day) 1.41 (1.07-1.85)* 2.61 (1.80-3.78)*
Fear of falling (yes) 1.45 (1.10-1.91)* 3.23 (2.16-4.82)*
Activity avoidance due to FoF (yes) 1.57 (0.98-2.49) 2.22 (1.37-3.60)*
PA parameters
Walking (<150 min/week) 1.20 (0.93-1.54) 1.64 (1.21-2.23)*
Movement (< 5h/day) 0.98 (0.74-1.30) 1.65 (1.20-2.27)*
Sitting (≥ 6h/day) 1.03 (0.77-1.38) 1.56 (1.06-2.31)*
Total PA(<40 scale points) 1.42 (1.09-1.83)* 1.57 (1.15-2.15)*
FF parameters
FAB4 (<4 scale points) 1.38 (0.96-1.97) 3.20 (2.23-4.59)*
FAB5 (<3 scale points) 1.36 (1.04-1.77)* 1.84 (1.35-2.51)*
FAB6 (<2 scale points) 1.56 (1.18-2.06)* 2.33 (1.70-3.21)*
FAB7 (<4 scale points) 1.15 (0.89-1.49) 1.67 (1.23-2.27)*
Balance score (<13 scale points) 1.63 (1.26-2.12)* 2.73 (1.97-3.80)*
CS (times/30s)¥ 1.03 (0.80-1.34) 1.58 (1.56-2.15)*
UG (sec)¥¥ 1.48 (1.14-1.91)* 1.80 (1.31-2.46)*
TFFS (<17 scale points) 1.42 (1.09-1.85)* 2.29 (1.64-3.16)*
BMI (≥27.0 kg/m2) 1.41 (1.08-1.84)* 1.52 (1.10-2.11)*
*p<0.05
**OR (95% CI)- Odds Ratio (95% Confidence intervals for OR)
¥ adjusted for gender: female: <15x/30s; male: <16x/30s
¥¥ adjusted for gender: female: ≥5,67s; male: ≥5,13s
FoF: fear of falling; PA: Physical activity; UG: 8 foot Up-and-Go test; CS: Chair-Stand test; FAB4: step up and over test; FAB5: tandem walk
test; FAB6: stand on one leg FAB7: stand on foam eyes closed; TFFS: Total functional fitness score; BMI: Body mass index
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The Homer-Lemeshow goodness-of-the-fit test for
logistic regression was not significant for both models
(p>0.05), indicating that the models fit the data well.
The area under the ROC curve (AUC) of the two mo-
dels shows moderate discriminative properties, with
about 60% of the subjects classified correctly as fallers
and 70% of the subjects classified correctly as recur-
rent fallers.
DIscUssION
The purpose of this study was to use a multifactorial
approach to determine and characterize both episodic
and recurrent fallers risk profiles in Portuguese older
adults. In order to accomplish that goal we have tes-
ted 1416 community-dwelling older adults from 18
Portuguese municipalities, representing about 0.7% of
national elderly population. Our results are in agree-
ment with what we have found before in smaller co-
hort of Portuguese older adults17 and allowed us to go
further on the establishment of fallers (episodic and
recurrent) risk profiles in the Portuguese population by
adjusting the models for possible confounders.
An important result of our study is that falls seem not
to be an inevitability of ageing, as age was not found to
be a risk factor for both episodic and recurrent falls,
even if the cut-off value used represents the very old
individuals (≥75y and ≥80y), instead of the sample me-
dian. This fact, together with the importance of func-
tional fitness in determining falls (both episodic and
recurrent), indicates that these events may be preven-
ted and allows the definition of effective intervention
programs, tailored to different risk profiles.
Among the other demographic parameters, being
single and living alone were risk factors for episodic 
falling, while being a woman was a risk factor for both
falling episodically and recurrently. Other studies1,11,12
have also identified these demographic parameters as
risk factors for falling, although they tend to lose im-
portance when inputted in a multivariate model. In
our study, gender was the only demographic parame-
ter that remained in the multivariate models, determi-
ning both episodic and recurrent falls. Nevertheless,
this result may not be explained only by gender per se,
but also be a consequence of the higher prevalence of
disability and chronic conditions present in elderly
women31.
In what concerns health parameters, bivariate mo-
dels show that almost all of them were associated with
both episodic and recurrent falls. The association of
different health parameters, not only with falls, but
also with functional fitness decline, is not new1,2,32,33.
However, it is interesting to note that, when adjusting
for confounders’ effects, with the exception of FOF, all
the other health parameters (specifically, general and
visual health perceptions and medication intake) were
only determinant for the recurrent fallers’ profile. This
fact may indicate that, comparing with episodic falls,
recurrent falls are more associated with comorbidities
tAbLe III. MULtIvArIAte LOgIstIc regressION MODeLs fOr ePIsODIc AND recUrreNt fALLers
Episodic Fallers Recurrent fallers
OR (95% CI) OR (95% CI)¥
Gender (female) 1.52 (1.07-2.16) 1.84 (1.14-2.96)
General health perception (poor) 1.66 (1.08-2.57)
Visual health perception (poor) 1.63 (1.14-2.34)
Medication (n≥3 med/day) 2.06 (1.14-3.14)
Fear of falling (yes) 1.36 (1.00-1.86) 2.50 (1.35-3.14)
Total PA (<40 scale points) 1.36 (1.01-1.77)
Balance score (<13 scale points) 1.41 (1.06-1.89)
TFFS (<17 scale points) 1.48 (1.03-2.13)
Models fit indicators
Hosmer-Lemshow (p) 3.99 (0.86) 9.37 (0.31)
ROC Curve (CI 95%) 62.0 (0.51-0.65) 72.9 (0.69-0.77)
¥ OR (95% CI)- Odds Ratio (95% Confidence intervals for OR)
PA: Physical activity; TFFS: Total functional fitness score
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and are less likely to occur due to external factors. Fur -
ther, the strong presence of FOF in both models should
be highlighted, not only because of the known vicious
circle that link this variable with activity avoidance,
balance performance and falls34, but also because this
indicates the need of having a cognitive-behavioural
approach in fall prevention programs.
Similarly, having a lower level of FF, either measu-
red through the balance or the total score, was a de-
terminant factor for both episodic and recurrent falls.
It is important to note that all FF tests were predictors
for both episodic and recurrent falls, but the combined
scores (Balance and total scores) originated models
with better predictive power, reinforcing the need for
a multidimensional approach when dealing with falls.
These results are in accordance with the literature whe-
re, although different FF measures have been used, ha-
ving poor FF is reported to be a strong predictor for
falls, especially for recurrent falls11–15. Actually, muscle
weakness, problems with gait and balance have been
referred as the most important risk factors for falling4.
In our sample, lower functional fitness levels were as-
sociated especially with recurrent falling, even within
subjects without FOF, fact that reinforces the relevan-
ce of the inclusion of these measures in both fall risk
assessment tools and intervention programs.
Finally, the total PA score was associated with both
falling and recurrent falling, while walking, movement
and sitting scores were associated only with recurrent
falling in the bivariate models. Nevertheless, when in-
putted in the multivariate models, total PA was the only
parameter that remained, being only determinant for
episodic falls. The relation between PA and falls is still
not clear and, even though recent evidence shows that
regular PA significantly reduces falls (specially inju-
rious falls) in older people35, there is still controversy
whether higher PA levels associated with lower func-
tional fitness levels could lead to a higher propensity
for falling15,36. In our study, being more active, espe-
cially in what concerns light and moderate PA, was not
only negatively correlated with falls frequency, but also
positively correlated with FF level (p≤0.001). Moreo-
ver, PA health benefits for older people, namely the 
effect of slowing the decline in mobility performance,
are widely known37,38, and therefore, its role in fall pre-
vention should not be underestimated.
A limitation of this study was that falls were asses-
sed retrospectively, which can generate an underesti-
mation of these events, as falls are easily forgotten39,40
unless they have serious physical consequences. Other
limitation of this cross-sectional study was the impos-
sibility to establish cause-effect time-based relations-
hips between the independent variables and the out-
come. These facts may limit our conclusions regarding
the potential of the tested variables to predict episodic
and recurrent falls. Nevertheless, the fact that the re-
sults of this study are in agreement with the ones from
other prospective studies, as well as the representati-
ve dimension of our sample, give us confidence about
the strength of our results.
cONcLUsION
In this study we have tested 1416 Portuguese older
adults above 65 years and used a multifactorial ap-
proach to determine and characterize episodic and re-
current fallers’ risk profiles in this population. Our re-
sults showed that age was not a risk factor for either
episodic or recurrent falling. In addition, health para-
meters were shown to be the factors distinguishing re-
current from episodic fallers. This may imply that,
comparing with episodic falls, recurrent falls are more
associated with comorbidities and are less likely to 
occur due to external factors. Fur thermore, being a
woman, having fear of falling and lower functional 
fitness levels were determinant factors for both episo-
dic and recurrent falls. These factors appear to be re-
lated since women in our sample had a poorer FF le-
vel and more FOF, when compared with men. Moreo-
ver, although total physical activity was only related with
episodic falling, promoting physical activity and exerci-
se may be the easiest and cheapest way to improve func-
tional fitness and health levels and therefore, its role in
fall prevention should not be underestimated.
Concluding, the results of this study reinforce the
importance of a multifactorial approach, not only fo-
cusing on cognitive-behavioral factors, but also on pro-
moting physical activity and healthy lifestyles, when
assessing fall risk or planning an intervention aiming
at fall prevention within the older population.
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